EUV and soft X-ray sources with a sufficiently large power content [10] [11] [12] . In this Letter we have studied the laser ablation of CaF 2 and LiF crystals by focusing a 46.9 nm, 1.7 ns soft X-ray Ar laser and analyzed the ablated surfaces using scanning electron microscopy (SEM) and a vertical profilometer. The etch rates of these crystals have shown a well-defined threshold behavior with ablation thresholds at 0.06 for the CaF 2 and 0.11 J/cm 2 for LiF. These values are about two orders of magnitude lower than those typical of the conventional ns-UV laser light and determine new ablation conditions for the studied dielectrics characterized by a large linear absorption of the laser radiation.
The measurements were performed using the strongly saturated 46.9 nm, 0.3 mJ, 1.7 ns soft Xray laser source pumped by a fast capillary discharge in a pure Ar gas 11, 13 . The laser beam had annular structure with divergence of 5 mrad and was focused on the samples by a 12 cm-focallength spherical Ir mirror, located at 200 cm from the capillary output with the mirror plane forming an angle of 85° with the beam axis (reflectivity ~15%). The laser energy was monitored shot by shot with a calibrated vacuum photodiode 11 collecting a small fraction of the laser beam by a Lloyd-mirror beam slitter located along the beam axis. The fluence was varied by changing the position of the sample along the optical axis of the mirror. Unfortunately, the great simplicity of this system is paid at the cost of several limitations. Firstly, the focused beam is strongly dominated by the optical aberrations that produce an elongated shape of the beam and limit the focusing resolution to only a few tens of micrometers. In this concern, using a corrected optical system one could expect an ablation resolution well below 1 µm 14 . Secondly, the optical aberrations of the optical system can produce an irregular illumination of the sample and a non- analysis shows also that the ablation processes at 46.9 nm is accompanied by the formation of micro-sized cracks inside the irradiated area. These cracks are due to the strong thermoelastic stress on the surface and to the brittleness of the materials. An interesting behavior is that the cracks are observed already very close to the ablation threshold at very low irradiation fluences and increase with the number of pulses. In the case of LiF (see Fig. 3 ) cracks stand along preferential directions, which should correspond to the cleavage planes of the crystal. The higher density of short microcracks at the periphery (see Fig. 3 (a)-(c) ) of the craters can be attributed to the different thermoelastic forces acting inside and at the edge of the laser spot. As the fluence is increased from the threshold, the evaporation of material is more efficient, cracks become less evident and a cleaner condition of ablation is found. Fractures on CaF 2 samples are typically less evident and of smaller dimensions. They present irregular shape homogeneously distributed through the irradiated area. Approaching 3 J/cm 2 ( Fig. 3 (d) ), the mechanical stress of the surface becomes so large to detach away from the surface macroscopic pieces of material and the quality of ablation is lost. The presence of cracks even close to the ablation threshold is in contrast to what is generally expected by the shortening of the laser wavelength and suggests the necessity for the modeling and a better understanding of the ablation processes induced by EUV and soft X-rays.
In summary, we have used 46.9 nm, 1.7 ns soft X-ray laser pulses to ablate the surface of dielectrics with ultra large band gaps. Our results present two interesting aspects. 
